1. Introduction
===============

Cancer, one of the greatest worldwide public health issues, remains the leading cause of death in some developing countries.^\[[@R1]--[@R3]\]^ Even though a long-term survival rate of breast and colorectal cancer has been increased significantly in most developed countries, other types of cancers and sarcomas are still fatal such as liver and lung cancer.^\[[@R3],[@R4]\]^ Searching tumor biomarkers for diagnosis, treatment, and prognosis is the breaking point of clinical cancer research, such as alpha fetal protein in liver cancer and prostate-specific antigen in prostate cancer.^\[[@R5]\]^

Semaphorin4D (SEMA4D), also known as CD100, is a 150 kD glycoprotein classified as a member of class IV semaphorin family,^\[[@R6]\]^ SEMA4D functions as both a ligand, binding to Plexin-B1 or CD72,^\[[@R7]\]^ and as a receptor.^\[[@R8]\]^ SEMA4D was first found in immune cells, especially highly expressed in resting T cells,^\[[@R6]\]^ and upregulated in B cells, APCs (antigen-presenting cells) when these cells were activated.^\[[@R9]\]^ Initial study suggested that SEMA4D was involved in activation of T cells.^\[[@R6]\]^ SEMA4D enhanced the antibody synthesis of B cells and matured APCs by competitively inhibiting CD72/SHP-1 negative regulation.^\[[@R9]\]^ SEMA4D was observed in embryonic and postnatal CNS (central nervous system), nonspecifically but highly expressing in oligodendrocytes^\[[@R10]\]^ and had been proved as an axonal guidance factor via its high affinity receptor Plexin-B1.^\[[@R11]\]^

Increasing studies of SEMA4D have focused on oncological aspect.^\[[@R12]--[@R14]\]^ SEMA4D has a relatively high expression in a series of solid tumor cells comparing with normal tissue cells, such as HNSCC (head and neck squamous cell carcinoma),^\[[@R15]\]^ breast cancer,^\[[@R16]\]^ prostate cancer,^\[[@R17]\]^ CRC (colorectal cancer),^\[[@R18],[@R19]\]^ STS (soft tissue sarcoma),^\[[@R13],[@R20]\]^ EOC (epithelial ovarian cancer),^\[[@R21]\]^ pancreatic cancer,^\[[@R22]\]^ and cervical cancer.^\[[@R23]\]^ Cumulated evidence reveals that SEMA4D participates in tumor angiogenesis,^\[[@R12],[@R24]\]^ regulation of tumor microenvironment^\[[@R14]\]^ and cancer progression.^\[[@R25]\]^ Plexin-B1 that has a high expression on VECs (vascular endothelial cells) surface can activate VECs proangiogenic property after combining with its high affinity ligand SEMA4D.^\[[@R12]\]^ The mechanism how SEMA4D/Plexin-B1 complex promotes angiogenesis is inconclusive, but one thing is confirmed that SEMA4D is an independent angiogenic factor out of other classic molecules such as VEGF-a, bFGF and HGF.^\[[@R24]\]^ SEMA4D also affects tumor microenvironment by negative regulating differentiation of monocytes^\[[@R26]\]^ and TAMs (tumor-associated macrophages) have been proved as a main source of SEMA4D.^\[[@R14]\]^ Moreover, high expressing level of SEMA4D has been proved to predict a worse survival in some carcinomas,^\[[@R13],[@R17]--[@R23]\]^ while other study showed a diverse opinion.^\[[@R16],[@R27]\]^ There was no unified conclusion whether SEMA4D can be a promising cancer prognostic biomarker.

Plexin-B1 is a transmembrane receptor which acts through its high affinity ligand SEMA4D, has a series of functions such as regulation of immune cells, axon guidance, tumor angiogenesis, and invasion.^\[[@R7]\]^ Plexin-B1 has an overexpression in colorectal, hepatocellular, breast, pancreatic carcinoma tissue or cell lines.^\[[@R19],[@R22],[@R28],[@R29]\]^ Met or Ron from downstream of SEMA4D/Plexin-B1 is critical for tumor invasive function.^\[[@R12]\]^ Plexin-B1 is also thought to be a predict prognostic marker for several types of tumor, breast cancer in particular.^\[[@R16],[@R29]--[@R31]\]^ This meta-analysis is performed to assess the prognostic value of SEMA4D and Plexin-B1 expression in various malignancies.

2. Methods
==========

Ethics committee is inapplicable in this meta-analysis.

The present review was conducted according to the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)^\[[@R32]\]^ and Meta-Analysis of Observational Studies in Epidemiology group (MOOSE).^\[[@R33]\]^

2.1. Search strategy
--------------------

Literature search was performed in online PubMed (<http://www.ncbi.nlm.nih.gov/pubmed>), Embase (<http://www.embase.com/home>), Web of Science (<http://wokinfo.com/>) and CNKI (<http://www.cnki.net/>) up to July 1, 2017. Two sets of search terms were adopted for simultaneously retrieval, namely: "CD100 or semaphorin 4D or SEMA4D or Plexin-B1 or semaphorin receptor protein" and "cancer or carcinoma or malignant neoplasm or tumor or benign neoplasm." No language or other restriction were made. After screening the titles, authors and years, the duplications were removed directly. References from searched publications were manually reviewed for missing relevant literatures. All literatures search was separately performed by 2 reviewers (YYB and LH).

2.2. Inclusion and exclusion criteria
-------------------------------------

The studies were defined eligible in this meta-analysis by following criteria: the patients had been diagnosed any type of cancer or sarcoma, SEMA4D or Plexin-B1 expression was measured from tumor tissues or body fluids, the correlation between SEMA4D or Plexin-B1 expression and patients clinical survival was available, such as either the hazard ratio (HR) or the relative ratio (RR) with corresponding 95% confidence intervals (CIs) or sufficient data which could be used to calculate HRs/RRs and corresponding 95% CIs.

Articles with the following criteria were excluded: case reports, letters, reviews, conference abstracts, and animal or laboratory studies, nondichotomous studies, studies that used the same or overlapped population, studies which were lacked of key data regarding prognosis, study with fewer than 15 patients. Eligible studies were independently and carefully identified from all literatures in triplicate by 2 reviewers (YYB and LH) after discussion.

2.3. Data extraction
--------------------

To rule out any discrepancy, 2 investigators (YYB and LLH) independently evaluated and extracted relevant information according to the guideline of a critical review checklist. The following characteristics were collected from each eligible article, including title, first author\'s name, year of publication, name of journal, pathological diagnosis of cancer, sample source, origin of population, number of cases, detection method, TNM stage, cut-off value, follow-up, and survival analysis endpoint with corresponding HR/RR and 95% Cls.

The relative ratio (RR) which determined from Cox\'s multiple regression model was acceptable in this study.^\[[@R34]\]^ HRs/RRs with their 95% CIs were extracted by using the following 2 methods. The univariate analysis results for survival which were reported in eligible studies were considered as the aggregation of the survival data. In most instances, the reported HRs/RRs with corresponding 95% CIs and *P* values were directly derived from the original publications or the E-mails from the authors, with an HR/RR of \>1 being associated with elevated risk of mortality or recurrence. Reported HRs/RRs are the most accurate methods. In the absence of HRs/RRs and 95% CIs, the data which were extracted from Kaplan--Meier curves were used to estimate the HRs following the method applied in previous meta-analysis.^\[[@R35]\]^ All the HRs/RRs extraction were performed by all the authors with consensus.

2.4. Quality assessment
-----------------------

The quality of eligible study was systematically evaluated according to a critical review checklist of the Dutch Cochrane Centre proposed by MOOSE specifically for prognosis meta-analysis.^\[[@R33]\]^

The Newcastle--Ottawa scale (NOS) for quality of cohort studies was adopted as quality assessment criteria.^\[[@R36]\]^ The evaluated items were classified into 3 aspects including selection of cohorts (4 scores), comparability of cohorts (2 scores) and assessment of outcome (3 scores) with a maximum of 9 scores. High scores evaluation outcome revealed the preciseness of study. The assessments were performed independently by 2 reviewers (YYB and WJ) and aggregated with consensus.

2.5. Statistical analysis
-------------------------

All analyses were conducted by mainly using STATA package version 12.0 (STATA Corporation, College Station, TX), and *Z*-test was computed by RevMan version 5.3.5 (Cochrane Collaboration, Oxford, UK).

Pooled HRs with 95% CIs were calculated to evaluated the effect of SEMA4D and Plexin-B1 expression on the survival of cancer. Patients with overexpression of target gene were indicated a poor prognosis if HR \> 1 without its 95% CI overlapped with 1. *Z*-test was utilized to evaluate the significance of merged HRs. Heterogeneity of pooled HRs was carried out by using Higgins *I*-square (*I*^2^) and Cochran\'s *Q*-test statistic. The fixed-effects model (Mantel--Haenszel test) was applied on no significant heterogeneity outcome (*P*~heterogeneity~ \> 0.05 or *I*~2~ \< 50%).^\[[@R37]\]^ Otherwise, a random-effects model (Der Simonian and Laird method) was used. Subgroup analysis and meta-regression was further performed to explain the source of heterogeneity.^\[[@R36],[@R38]\]^

One-way sensitivity analyses were processed by omitting 1 study at a time to assess the consistency of the combined results. The potential publication bias were assessed by using Begg\'s funnel plot^\[[@R39]\]^ and Egger\'s bias.^\[[@R40]\]^ The trim and fill method would be performed if a publication bias existed. All statistical tests were 2-sided, and *P* \< .05 was regarded as statistically significant.

3. Result
=========

3.1. Eligible studies and characteristics
-----------------------------------------

As showed in the flow diagram of literatures screening (Fig. [1](#F1){ref-type="fig"}), a total of 373 articles were originally searched from PubMed, Embase, Web of Science, and CNKI. Full text screening was performed based on the inclusion and exclusion criteria, and 18 candidate studies were eligible. When data extraction due to using overlapping cohort 4 literatures was further excluded. Finally, 14 articles were qualified for our meta-analysis,^\[[@R13],[@R16]--[@R23],[@R29]--[@R31],[@R41],[@R42]\]^ 11 for SEMA4D^\[[@R13],[@R16]--[@R23],[@R41],[@R42]\]^ and 4 ^\[[@R16],[@R29]--[@R31]\]^ for its receptor Plexin-B1. Of the SEMA4D related studies, 9 for overall survival (OS), 6 for disease-free survival (DFS)/progression-free survival (PFS)/recurrence-free survival (RFS). Of the Plexin-B1 related studies, 3 for OS and 2 for DFS.

![Flow diagram of literatures screening.](medi-98-e13298-g001){#F1}

The requisite data was extracted from 14 eligible studies and integrated into Table [1](#T1){ref-type="table"}. A total of 1375 patients from United States, China, Brazil, Japan, and Pakistan were included in SEMA4D group while 1410 patients from Pakistan, Germany and Netherlands were included in Plexin-B1 group. Interestingly, all 4 articles of Plexin-B1 group focused on breast cancer research, and SEMA4D group showed a wide variety of malignant tumors including prostate cancer, colorectal cancer (CRC), soft tissue sarcoma (STS), epithelial ovarian cancer (EOC), breast cancer, cervical cancer, and pancreatic cancer. The commonest method to detect SEMA4D expression in selected studies was immunohistochemistry (IHC) staining, while the majority of studies evaluated Plexin-B1 expression by microarray. Staining assessment score was used to set up the dichotomous cut-off value in all IHC studies. The rest of literatures mostly used Median as cut-off value. There were 13 studies used tumor tissue as sample, within them there was one study took ascites as comparison to tissue, besides one study used blood.

###### 

The requisite characteristic of all 14 eligible studies.
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The Newcastle--Ottawa scale (NOS) was used to assess the methodological quality of eligible literatures. All papers' NOS ranged from 5 to 9 (Table [2](#T2){ref-type="table"}), with an average of 7.12. Study with scores≥7 was defined a high-quality record, otherwise low.

###### 

The Newcastle--Ottawa scale for methodological quality of eligible literatures.
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3.2. Evidence synthesis
-----------------------

All pooled HRs and heterogeneity results are shown in Table [3](#T3){ref-type="table"} (Supplemental figure 1--8) which is divided into SEMA4D sublist and Plexin-B1 sublist. A fixed effect model was applied to pool HRs/RRs from 9 SEMA4D OS studies included 1078 patients. The combined HR is 2.05 with corresponding 95%Cl 1.68--2.50, which revealed that overexpression of SEMA4D may predict a poor prognosis of multiple malignancies (Fig. [2](#F2){ref-type="fig"}A). Subgroup analyses of overall survival were categorized by ethnicity of patients, diagnosis of diseases, assay method, sample, source of HRs/RRs and quality assessed classification. There were significant associations between high level expression of SEMA4D and poor survival in Asian patients (HR = 2.05, 95%Cl: 1.65--2.54, *P \< *.001), in patients with colorectal cancer (HR = 2.16, 95%Cl: 1.44--3.25, *P \< *.001) and epithelial ovarian cancer (HR = 2.92, 95%CI: 1.80--4.73, *P \< *.001), in studies which examined SEMA4D with immunohistochemistry staining (HR = 2.05, 95%Cl:1.65--2.54, *P \< *.001), in tissue samples (HR = 2.01, 95%CI: 1.62--2.49, *P \< *.001), in studies which reported HRs/RRs (HR = 2.23, 95%CI: 1.81--2.75, *P \< *.001) and in high methodological quality studies (HR = 2.07, 95%CI: 1.63--2.62, *P \< *.001) (Supplemental figures 1--5).

###### 

All pooled HRs and heterogeneity results.
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![(A) Forest plot illustrating correlation between Sema4d expression and overall survival in various malignancies. (B) Forest plot illustrating correlation between Sema4d expression and DFS/PFS/RFS in various malignancies. (C) Forest plot illustrating correlation between Plexin-B1 expression and survivals in various malignancies.](medi-98-e13298-g005){#F2}

Similar to total OS analysis result, the high expression of SEMA4D was significantly associated with a poor DFS/PFS/RFS basing on a fixed effects model analysis HRs/RRs from 6 studies with 795 patients (HR = 1.59, 95%CI: 1.27--1.98, *P \< *.001) (Fig. [2](#F2){ref-type="fig"}B). Subgroup analyses of DFS/PFS/RFS were performed in the same categories. Correlations between SEMA4D level and DFS/PFS/RFS were observed in Asian group (HR = 1.56, 95%CI: 1.25--1.95, *P \< *.001), in soft tissue sarcoma group (HR = 1.51, 95%CI: 1.10--2.09, *P = *.012) and epithelial ovarian cancer group (HR = 1.97, 95%CI: 1.30--2.98, *P = *.001), in both high and low methodological quality groups (respectively, HR~Hi~ = 1.59, 95%CI: 1.37--1.93, *P \< *.001; HR~Lo~ = 1.76, 95%Cl: 1.12--2.22, *P \< *.001). Because all 6 studies assessed SEMA4D expression from tumor tissue by immunohistochemistry staining and reported the HRs/RRs, IHC group, tissue group and reported HRs/RRs group had a same result as the total DFS/PFS/RFS analysis (HR = 1.59, 95%CI: 1.27--1.98, *P \< *.001) (Supplemental figures 6--8).

As noted, all 4 articles of Plexin-B1 group focused on Caucasian breast cancer research, so we only evaluated the relationship between Plexin-B1 level and Caucasian breast cancer patients' survival. It turned out that elevated Plexin-B1 showed a significant association with favorable OS (HR = 0.56, 95%CI: 0.39--0.79, *P = *.001) and DFS (HR = 0.68, 95%CI: 0.51--0.90, *P = *.008) (Fig. [2](#F2){ref-type="fig"}C).

3.3. Heterogeneity analysis
---------------------------

All nonsubgroup pooled HRs were calculated in fixed effect model because of their low or no heterogeneity. Precisely, heterogeneity was found among the SEMA4D OS studies (*P*~heterogeneity~ = 0.185, *I*^2^ = 29.2%). To investigate the source of heterogeneity in SEMA4D OS group, a meta-regression was utilized to assess by year of publication, quality classification, sample, ethnicity, assay method and diagnosis, such as breast cancer, colorectal cancer and epithelial ovarian cancer. All main results were shown in Table [4](#T4){ref-type="table"}. Breast cancer category (*P* = 0.057) dominantly induced heterogeneity rather than others categories.

###### 

The meta regression result of the SEMA4D overall survival studies showed heterogeneity mainly came from breast cancer studies group.
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3.4. Publication bias and sensitivity analysis
----------------------------------------------

Publication bias was evaluated by Begg\'s funnel plot and Egger\'s test in OS group with 9 literatures and DFS/PFS/RFS group with 6 studies for SEMA4D. The Egger\'s test outcome (Table [5](#T5){ref-type="table"}, *P* \> .05) and symmetrical Begg\'s funnel plots (Fig. [3](#F3){ref-type="fig"}) showed no potential publication bias.

###### 

Begg\'s test and Egger\'s test for publication bias analysis on SEMA4D studies.
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![(A) Begg\'s funnel plot for publication bias of 9 studies in Sema4D OS group. (B) Begg\'s funnel plot for publication bias of 6 studies in Sema4D DFS/PFS/RFS group.](medi-98-e13298-g008){#F3}

Sensitivity analyses of SEMA4D OS group and DFS/PFS/RFS group showed no significant variation on original result by omitting individual study (Fig. [4](#F4){ref-type="fig"}).

![(A) Sensitivity analyses of SEMA4D OS group. (B) Sensitivity analyses of SEMA4D DFS/PFS/RFS group.](medi-98-e13298-g009){#F4}

The publication bias and sensitivity analyses result of Plexin-B1 were insignificant base on there were only 3 studies in OS group and 2 in DFS group.

4. Discussion
=============

Neoplastic biomarkers are essential tools for cancer diagnosis, clinical therapy and survival. An ideal prognostic biomarker should match 2 features: accurate measurability and definite association with either pathologic progression or prognosis.^\[[@R43]\]^ SEMA4D are widely utilized in clinical pathology examination to auxiliary diagnose neurogenic tumor.^\[[@R44]\]^ Substantial evidence demonstrated that SEMA4D was involved in angiogenesis, regulation of tumor microenvironment and cancer progression of various types of tumors. Moreover, an anti-SEMA4D monoclonal antibody named VX15/2503 has been proved its broad-spectrum anti-tumor property in mouse and is entering clinical trials.^\[[@R45]\]^ However, no evidence proves novel insight that SEMA4D can be utilized as a prognostic biomarker in diverse malignant tumors.

In our cognizance, the present analysis is the first study to identify the prognosis predictive potency of SEMA4D in various types of malignancies. By collecting and combining survival indexes from all eligible literatures, we concluded that rising expression of SEMA4D was significantly associated with OS and DFS/PFS/RFS in tumors (respectively, HR~os~ = 2.05, 95%CI: 1.68--2.50, *P \< *.001; HR~dfs/pfs/rfs~ = 1.59, 95%CI = 1.27--1.98, *P \< *.001). Heterogeneity which existed in overall survival analyses (*I*^2^ = 29.3%, *P = *.185) was mainly attributed to the outcome of breast cancer patients. Besides, the relationship between SEMA4D expression and prognosis of breast cancer patients was failed to find (HR = 0.76, 95%CI = 0.32--1.82, *P = *.539). These statistical negative results revealed that SEMA4D probably was not an accurate prognosis predictor in breast cancer. The pooled survival results of Plexin-B1, SEMA4D high affinity receptor, precisely remedied the insufficient in breast cancer studies: Plexin-B1 level showed a significant positive correlation both with OS and DFS (respectively, HR~os~ = 0.56, 95%CI: 0.39--0.79, *P = *.001; HR~dfs~ = 0.68, 95%CI = 0.51--0.90, *P = *.008).

SEMA4D is over-expressed in various tumor tissues.^\[[@R46]\]^ Abundant vivo evidence revealed SEMA4D effected tumor progress by regulating tumor angiogenesis and tumor environment.^\[[@R14],[@R41]\]^ Most of selected studies support a consensus that SEMA4D acts as an angiogenic promoter mainly through Plexin-B1 rather than VEFG-a.^\[[@R13],[@R16]--[@R23]\]^ Base on the over-expression of Plexin-B1 in endothelial cells, SEMA4D/Plexin-B1 signal efficiently enhances endothelium migration.^\[[@R24]\]^ The mechanism of SEMA4D tubulogenesis is mainly because of the activation of tyrosine kinase Met and Rho pathways.^\[[@R12],[@R24]\]^ Interestingly, grafting SEMA4D over-expressing melanoma to Plexin-B1 deficient mouse shows no significant reduction of neovascularization.^\[[@R28]\]^ It is probably because that Plexin-B1 is not the essential for SEMA4D promoting tumor angiogenesis, or maybe because SEMA4D/Plexin-B1 interaction only functions at the early stage of tumor formation.

Moreover, SEMA4D regulates tumor environment by inhibiting monocyte migration and prompting monocyte differentiation to M2 macrophages which acts as a tumor-promotor.^\[[@R41]\]^ Chen\'s study^\[[@R41]\]^ showed a strong association between SEMA4D expression and M2 macrophages count both in epithelial ovarian cancer (EOC) tumor sample and in malignant ascites.

SEMA4D does not seem to be an accurate prognosis predictor for breast cancer base on the result of our study (HR = 0.76, 95%CI = 0.32--1.82, *P = *.539). Fortunately, there were several literatures^\[[@R29]--[@R31],[@R42]\]^ which demonstrated the inverse correlation between Plexin-B1 and prognosis of patients. Swiercz\'s study^\[[@R47]\]^ indicated Plexin-B1 stimulated tumor cell migration via tyrosine kinase receptor ErbB-2 pathway while antimigrated via met pathway, He believed that the effect of SEMA4D/Plexin-B1 mainly depended on the superior pathway. Based on our result, regardless of ErbB-2 or Met took charge, Plexin-B1 was an independent prognosis marker for breast cancer patients.

Nevertheless, there are several limitations of the present analysis. First, the number of the cancer types which included in this meta-analysis were inadequate. There were 7 kinds of cancer in 14 studies, including 1520 breast cancer patients and only 99 pancreatic cancer patients. The small sample size can unavoidably cause sample bias and random errors. Thus, more studies with larger population are necessary for further analysis. Second, several HRs were calculated based on Kaplan--Meier curves; some minor errors were generated during calculation. Third, the cut-off value of SEMA4D and Plexin-B1 expression were various. Besides, IHC staining assessment which were used to set up the dichotomous cut-off value was lack of unified and objective criterion for staining evaluation.^\[[@R48]\]^ Fourth, all Plexin-B1 group articles were breast cancer researches and all these researches were focus on Caucasian. As we all known, Caucasian has significantly higher incidence and mortality rates of breast cancer than Asian and African,^\[[@R49]\]^ and there was no evidence proved that Plexin-B1 expression had a relationship with the survival of Asian and African breast cancer patients. Finally, all eligible studies in our meta-analysis were published in English and Chinese, in spite of no language restriction in Search Strategy that will cause language bias.

5. Conclusion
=============

In summary, the present analysis demonstrated that SEMA4D could be a prospective biomarker for prognostic prediction of various malignancies except breast cancer. For Caucasian breast cancer patients, SEMA4D\'s high affinity receptor Plexin-B1 showed a significant positive correlation with survival. However, the eligible studies are insufficient, more comprehensive studies are needed to support this conclusion.
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